A general geologic framework for the Proterozoic of Arizona has emerged in the past three decades mainly from USGS mapping efforts combined with U-Pb isotope studies (Silver and his students). Geochronologic data suggest two age provinces, with older rocks (1800-1700 Ma) in northwestern Arizona and younger rocks (1700-1630 Ma) in southeastern Arizona (Fig. 1) . The northwestern province is underlain by greenschist to amphibolite grade volcanogenic rocks and granitic batholiths which most workers have interpreted to represent primitive island arcs (L. T. Silver, P. Anderson, K. Condie). The southeastern province contains greenschist facies volcanic and sedimentary rocks that change from eugeoclinal to miogeoclinal up-section (G. Gastil, C. Conway) and may represent various successor basins (Silver, Conway) and/or younger volcanic arcs (P. Anderson).
The exact location and geometry of the proposed U-Pb geochronologic boundary remain controversial. The boundary was variously inferred to be (1) a broad zone reflecting a structurally modified regional unconformity, the northern province being overlain by continental supracrustal rocks of the southern province (Conway); (2) a tectonic contact involving a zone of initially low angle (K. Karlstrom) or high angle (S. Maynard) faults; and (3) as a boundary between an older intraoceanic arc to the northwest and a younger continental margin arc to the southeast (P. Anderson).
Nd isotope studies (D. DePaolo) suggest crustal formation ages of 1.8-2.0 Ga in northwestern Arizona and 1.8-1.7 Ga in central and southeastern Arizona, with a boundary parallel to but northwest of Silver's geochronologic boundary. A third, 2.0-2.3 Ga crustal age province in southeastern California represents either mixing of Archean and Proterozoic (1.8 Ga) crustal material, during Proterozoic orogeny, or a previously unknown 2-2.3 Ga crustal block. Common Pb work (J. Wooden) also suggests older crustal materials in the Mohave; the data are more compatible with models involving Archean-Proterozoic crustal mixing at 1.7 Ga. An important point is that both Nd and Pb isotope studies provide a model that most of the Proterozoic crust in the Southwest was derived from the mantle during or only shortly before the orogenic interval that added this crust to the North American continent. The new Mojave 2.0-2.3 Ga crustal age suggests that older continental materials did exist to be incorporated into the orogen, but by far the majority of crust was newly formed in the early Proterozoic.
Generally accepted stratigraphic nomenclature corresponds in general to Silver's age boundary. Supracrustal rocks to the northwest were previously named the Yavapai Series but should now be referred to as the Yavapai Supergroup (P. Anderson, Karlstrom), reflecting changes in the U.S. Code of Stratigraphic Nomenclature. Previous USGS subdivisions of the Yavapai Supergroup have not always held up to subsequent detailed stratigraphic, petrologic, and structural studies (J. Evensen, P. O'Hara, Karlstrom) and need to be applied with caution or abandoned in favor of a new stratigraphy (P. Anderson). Stratigraphy of rocks southeast of Silver's boundary has traditionally followed the Alder-Red Rock-Mazatzal Group subdivision of Tonto Basin (Conway), and the term "Pinal schist" has been applied to a diverse suite of rocks in southeastern Arizona. All of these units are interpreted by Conway to be broadly correlative and part of a single successor basin or series of basins. However, the complexity of structure, such as melange zones in the Johnny Lyon Hills which represent major movement zones (P. Swift) and northwest transport of allochthonous sheets of Mazatzal, Red Rock, and Alder Group rocks in the Mazatzal Mountains exceeding tens of kilometres (D. Puis, Karlstrom, J. Roller) makes such correlations controversial, as do the large distances between exposed Precambrian rocks in southeastern Arizona.
The timing and styles of deformation and metamorphism emerged as a major topic of discussion. Many workers have believed that deformation and metamorphism in the northwestern terrane took place GEOLOGY, July 1986 1700-1800 Ma (Silver, P. Lindberg), prior to Red Rock Group rhyolitic volcanism (1695 Ma) and deposition of quartzites of the Mazatzal Group in the southern terrane. Deformation and very weak metamorphism of the southern terrane (1700-1630 Ma) may be younger than in the northern terrane, but this diachronism is apparently less simple than previously stated, as shown by new mapping and zircon dates near Bagdad, in the northwest terrane, where 1706 Ma syntectonic granites are cut by 1690-1700 Ma, generally unfoliated granites (B. Bryant, Wooden). This brackets deformation and metamorphism in this area to 1690-1710 Ma. If the Cherry quartz diorite (1740 Ma) south of Jerome is entirely posttectonic, as reported in the older literature, deformation may have occurred in central Arizona episodically or continuously from before 1740 to 1630 Ma. Placing better geologic and geochronologic constraints on timing of orogeny in various areas remains a major problem and is the subject of new and continued research (S. Bowring, K. Chamberlain, Silver, Karlstrom, Conway). Sedimentologie studies can also help constrain timing and styles of deformation, as shown by the Del Rio area of the Mazatzal Group which records syntectonic unroofing of older volcanic sequences (L. Middleton).
The significance, timing, and sense of slip on major fault zones remains controversial. Kinematic indicators show dextral strike slip on the Chaparral fault (Williamson), but mapping appears to suggest only limited offset of red granite intrusions across the zone (P. Anderson). The Shylock fault zone, which extends for 100 km and can be clearly seen on Landsat images (G. Swann), exhibits east-side-up, vertical material flow over a wide zone, with thin discrete mylonite zones exhibiting sinistral strike slip (M. Darrach, D. Argenbright). Several workers have proposed stratigraphic continuity across the zone (O'Hara, P. Anderson); others note extreme transposition, boudinage, and intense strain and consider the Shylock to contain major movement zones (Evensen, Karlstrom). The Moore Gulch shear zone juxtaposes rocks of the southeast and northwest terrane and may be a reactivated suture zone (S. Maynard) or a minor shear zone (P. Anderson). Polyphase folding has been recognized in several areas of the northwestern terrane (P. Lindberg, O'Hara, Karlstrom, P. Anderson). Early recumbent isoclinal folds near Brady Butte of the Bradshaw Mountains may record thrusting that affected much of the Yavapai Supergroup (Karlstrom O'Hara ), but if so, this early horizontal deformation has been obscured by intense upright folding characterized by curvilinear but generally steeply plunging fold hinges and shallow enveloping surfaces (S. Beard, Lindberg, Karlstrom). Some workers believe the vertical deformation alone can account for existing geometries (P. Anderson, Lindberg).
Precambrian rocks in Arizona host a variety of ore deposits, from volcanogenic massive sulfides in the northern province (Lindberg, Conway, L. Robison) to tin mineralization in granites in the southern province (Conway). An interesting topaz-beryllium occurrence in Tonto Basin was interpreted by W. Kortemeir to be of hydrothermal origin.
Geochomical data from the Yavapai Supergroup show a complete spectrum of silica values and can be interpreted as similar to evolved island arcs such as the Aleutians and Banda arc (Condie). Immobile element and rare earth element patterns in the southern terrane most closely resemble those from modern continental margin arcs or associated backarc basins and are unlike those from modern island arcs (R. Reed, P. Copeland). High silica and alkali values of the Red Rock suggest a continental substrate for these volcanics (Conway), implying that continental accretion predated 1700 Ma, followed by rhyolitic volcanism, quartzarenite deposition, and later deformation. Anorogenic granites were emplaced at 1.4 Ga in Arizona. These plutons may serve as probes of lower crust and appear to reflect varying lower crustal composition across Arizona. It was proposed that peraluminous (biotite + muscovite) 1.4 Ga grani tes in central Arizona give way to metaluminous (biotite + hornblende) to the west (L. Anderson). The change in 1.4 Ga granites appears to coincide with a marked change in the metamorphic grade and early plutonx history of the older Proterozoic rocks. Furthermore, 1.4 Ga plutons, 1.6-1.7 Ga plutons, and Mesozoic plutons in a given area all have similar Nd characteristics, suggesting that Nd isotopes reflect crustal cross sections (DePaolo). Both facts suggest that there may be deep chemical features of crustal blocks which persist through various phases of crustal evolution.
The expressed goal of the workshop was to discuss geologic observations, mapping, and analytical data, with less emphasis on models. However, it was clear that many workers are trying to apply actualistic models of accreted arc terranes. Gastil emphasized that evolutionary, vs. strict uniformitarian, approaches should also be applied. As P. Damon concluded, placing constraints on any model requires many boundary conditions, and these will only emerge from continued multidisciplinary research. Whichever models are used, the Arizona Precambrian must be viewed with in the context of the Precambrian development of North America, and as a product of one of the major continental accretion episodes in the history of our continent.
